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ABSTRACT 
The 5-seater Aerospatiale AS350B helicopter has been chosen in this analysis 
in order to investigate the capabilities of the vortex trap in increasing the helicopter 
blade lift. Blade Element Theory (BET) was applied to scrutinize the lift force and 
angle of attack distribution along the helicopter blade. From BET, the retreating 
blade must operate at a higher coefficient of lift for the purpose to balance the lift 
force on both sides of the rotor. In the process of designing and analyzing the grooyer, , 
commercial CFD, Fluent 6.3 and pre-processor Gambit were utilised in order to 
investigate the effect of groove which was applied on the upper surface of the 
helicopter airfoil. The Shear-Stress Transport (SST) k - o turbulence model was 
utilized in this analysis because of its capability in producing the flow inside the 
groove and the ability on predicting the separation of the airfoil. The mesh sensitivity 
analysis had also been accounted in the numerical study. The optimization of the 
groove was done by analyzing the numbers and locations of the grooves, the design 
depth and length of the groove and modification of the groove shape to smoothen the 
velocities flow. Finally, the data from BET was used with data from numerical 
analysis to obtain the lift force achieved by the vortex trap method to increase the lift 
of helicopter blade. Thus, the small increment of lift was achieved when applying 
groove on the upper surface of the retreating blade due to the small area contribution 
at high angle of attack. 
































REFERENCES 
[I] Johnson, W.(1994). Helicopter Theory, New York Dover Publications, Inc. 
[2] Caradonna, F.X. (1990). The Application of CFD to Rotary Wing Aerodynamics 
AGARD Special Course on Aerodynamics of Rotorcraft, AGARD-R-781 
[3] McCroskey, W.J., McAlister, K.W., Can, L.W., and Pucci, S.L. (1982). An 
Experiment Study of Dynamic Stall on Advanced Airfoil Section. NASATM-84245. " ' 
/ /I 
Vol:l, 2, 3 
[4] Stepsniewski, W.Z and Keys, C.N.(1984). Rotary-Wing Aero&amics Dover 
Publication, Inc.,New York. 
[5] Gustafson, F.B. and Gessow, A. (1947). Effect of Blade Stalling On the Efficiency 
of a Helicopter Rotor as Measures in Flight. NACA TNNo. 1250 
[6] Koga, D.J. Reisenthal, P., and Nagib, H.M. (1984). Control of Separation Flows 
Using Forced Unsteadiness. Illinois Institute of Technology Fluid & Heat Transfer 
Report R84-1. 
[7] Leishman, J.G. (2002). Principles of Helicopter Aerodynamics. United Kingdom: 
Cambridge University Press. 
[8] Marc, J.Z. (2008). Dynamic Aerodynamics!. Retrieved April 2010 at 
www.dynamicflight.com 
[9] Yu, Y. H., Lee S., McAllister, K. W., Tung, C., and Wang, C. M. (1995). Dynamic 
Stall Control for Advanced Rotorcraft Application. AIAA Journal, Vol. 33, No. 2, 
pp. 289-295. 
[lo] Prouty, R.W. (1995). Helicopter performance, Stability and Control. PWS 
Engineering, Boston. 
[ l l ]  Nik Mohd, N.A.R. and Wahab, A.A. (2006). Feasibility Study on Improving of 
Helicopter Forward Flight Speed via Modification of the Blade Dimension and 
Engine Performance, Proc. Rivet06, Kuala Lumpur. 
[12] Nik Mohd, N.A.R. (2006). Feasibility Study On Improving Of 5-Seater Helicopter 
Forward Flight Speed, Universiti Teknologi Malaysia: Master's Thesis. 
[13] Michael, A.M. and Francis, J.M. (1982). Influence Of Tip Shape,Chord,Blade 
Number And Airfoil On Advanced Rotor Proformance. Journal of American 
Helicopter Society 
[14] Guillet, F. and Philippe, J.J. (1984). Flight Test of a Swept Back Parabolic Tip On 
A Dauphin 365N. 10th European Rotorcraft Forum. 
[15] Michael, A.M. and Francis, J.M. (1982) Influence Of Tip Shape,Chord,Blade 
Number And Airfoil On Advanced Rotor Proformance Journal of American 
\ ,- 7 Helicopter Society. 
/ " 
[16] Hong, H. (2003). Computational Analysis Of Effects Of Blade Shapes On Tip- 
Vortices. Journal of Advances in Engineering Sofmare Vol34 pp 279-286. 
[I71 Fu-Shang,W. and Gunsallus, C. (2007). A New Approach To Rotor Blade 
Performance Design Improvement. 48th AIAA /ASME /ASCE /AHS /ASC 
Structures, Structural Dynamics, and Materials Conference, Honolulu, Hawaii. 
[18] Desopper, A,, Lafon, P., Ceroni, P., and Philippe, J.J. (1986). Ten Years Of Rotor 
Flow Studies at ONERA. 42ndAnnual Forum of the American Helicopter Socieby, 
Washington. 
[19] Matthew T. S. (1989). Computational and Experimental Evaluation of Helicopter 
Rotor Tips for High Speed Forward Flight. Journal of American Institute of 
Aeronautics and Astronautics 20th Fluid Dynamics, Plasma Dynamics and Lasers 
Conference. 
[20] Harrison, R., Stacey,S. and Hansford, B. (2008). BERP IV The Design 
Development And Testing Of An Advanced Rotor Blade. 64th Annual Forum of 
American Helicopter Society. 
[21] Perry,F.J (1987). Aerodynamics of the Helicopter Speed Record. 43rd Annual 
Forum ofthe American Helicopter Society. 
[22] White, R.W. (1983). Developments in UK Rotor Blade Technology. AIAA Journal. 
